The three most important enzymes present in duodenal fluid, α-amylase, trypsin and lipase, were determined by two different methods. Various dilution fluids for these determinations were compared. Some kinetic data are described together with the reproducibility of the assays. For α-amylase the Phadebas method was compared with an UV method. Trypsin was determined using an immunoreactive trypsin test and a titrimetric method, while lipase was determined with a titrimetric method and a Cu-soap method.
Introduction
During the last decade, knowledge of pancreatic pathology has become much more important. It is now generally assumed that the clinical diagnosis of pancreatic dise ses is difficult. In addition to very modern techniques like Computer tomography (CT) and endoscopic retrograde cholangio pancreatography (ERCP), relatively .simple labqratory determinations can^lso be of great value. In particular these include the determination of α-amylase (1,4-a-o-glucan gluc no^ydrolase.EC 3.2.1.1), trypsin (EC 3.4.21.4) and lipase (triacylglycerol acylhydrolase EC 3.1.1.3) in serum. More Information can be obtained when these catalytic activities are determined in duodenal fluid, which can be obtained after Stimulation with secretin/pancreozymin or after a test meal. It is then possible to determine volume, pH and bicarbonate concentration of these fluids and the Output of the various substances can also be quantitated.
Although determinations of amylase (1) (2) (3) (4) , trypsin (5) (6) (7) (8) and lipase (9) (10) (11) (12) (13) in serum have been described extensively, there is still a need for more information regarding the determination of these enzymes in duodenal fluid. In this communication we 0340-076X/83/0021-0167$02.00 © by Walter de Gruyter & Co. · Berlin · New York compare two methods of determination for each of the three important pancreatic enzymes. Because many of the samples obtained after a test meal were turbid, nephelometric or turbidimetric techniques could not be used. For -amylase, a colorimetric method (Phadebas) was compared with an UV method (maltotetraose äs Substrate). Ä titrimetric method for the determination of trypsin was compared with an immunoreactive trypsin determination. Lipase was determined with a titrimetric method and a Cu-soap method. We determined the relationship between the catalytic activity concentration and time of incubation and between the catalytic activity concentration and amount of sample used. Various dilution fluids for these 3 enzymes were compared together with the reproducibility of the methods. For each enzyme, a direct comparison of both methods is also described.
Materials and Methods
Duodenal fluid was taken from normal individuals and from patients with benign or malign pancreatic diseases. All samples were obtained by an oropharyngeal tube with its orifice at the duodenal jejunal transition. The pancreas was stimulated by a meal containing 18g fat, 15g protein and 45g carbohydrate (Lundh-tesl (14)). After administration of the meal the duodenal fluid was collected during 4 periods of 30 min. Thereafter the duodenum was continuously perfused with saline containing a nonabsorbable marker, polyethylene glycol 4000 (5 g/l).
The rate of the perfusion was 300 ml/h. After 30 min, when a steady state had been reached, the pancreas was stimulated by i. v. administration of sincalide (0.04 g/kg body weight), a synthetic octapeptide of cholecystokinin. The duodenal fluid was collected during 3 periods of 20 min. The samples were collected in vials, placed in icewater and stored at -20 °C.
a-Amylase
A comparison was made between the Phadebas method (15, 16) and an UV method with maltotetraose äs Substrate (17) . The first method is based on the hydrolysis of a water-insoluble, crosslinked, blue starch polymer into water-soluble blue starch fragments. After stopping the reaction with NaOH and centrifugation the absorbance of the clear blue supernatant was read at 620 nm. The catalytic activity concentrations were read from the Standard curve purchased from the manufacturer. Phadebas amylase tablets were obtained from Pharmacia, Nederland B.V.
The second method is based on the hydrolysis of maltotetraose by -amylase. During this hydrolysis 2 mol of maitose are released together with other hydrolysis products. Maltose can be converted with auxiliary enzymes to glucose-6-phosphate. This substance can be converted to 6-phosphogluconate in a NAD/NADH coupled reaction. Chemicals were obtained from Interchemie, Hilversum, The Netherlands.
All -amylase activities were determined at 37 °C. i All samples were diluted with a fluid containing NaCl (159 mmol/l), albumin (2 g/l) and CaCl 2 (20 mmol/1) to an appropriate dilution. Both methods were carried out äs recommended by the manufacturers. The activities are expressed in kU/1.
Trypsin
Trypsin was determined according to the method of Wiggins (5) and using an immunoreactive determination (radioimmunoassay (18) ). The first determination is based on the catalytic properties of trypsin in which --benzoyl-L-arginine ethyiester is hydrolysed and the liberated N-benzoyl-L-arginine is titrated with NaOH (0.04 mol/1). The titration was carried put manually at 30 °C with a stopclock and a pH meter (pH meter 22, Radiometer, Copenhagen, Denmark).
All samples were diluted by a known amount with an acetate buffer (50 mmol/1; pH 5.8) containing CaCb (4.5 mmol/1).
The activities are expressed äs k U/l. The Substrate was purchased from Merck, Darmstadt, F.R.G.
The second method is based on a radioimmunological pfificiple. The reaction depends üpon the competition for binding sites on trypsin-specific antibodies between unlabelled trypsin and [
125 I]trypsin. The radioactivity of the final precipitate was counted in a Micromedic Systems (Ms 588) gamma counter. The test was carried out at roorn temperature according to the recommendations of the manufacturer. Trypsin-standärds, purchased from the manufacturer, were used for the Standard curve< Chemicals were obtained from Behringwerke, Marburg Lahn, F.R.G ;
As dilution fluid a saline-phosphate buffer (pH 7.4) was used containing NaH2PO 4 (6.4 mmol/1), Na 2 HPO 4 (53.0 mmql/1), NaCl (159 mmol/l), EDTA-disodiumsalt (3.8 mmol/1) and albumin (10 g/l). This dilution is recommended by the manufaqturer.
Results afe expressed in mg/1.
Lipase
Lipase was determined by measuring the liberated fatty acids after hydroiysis of an ölive oil Suspension by the enzyme. The free fatty acids were determined by titration or by a Cu-soap method.
The titrimetric method used was that described by Näher (19) except for some slight modifications. As Substrate a Suspension of acacia (gum arabic powder) and neutralized olive oii was used. After sonification (3 min; in ice) deoxycholic aeid (13 mmol/1) and NaCl (10.7 rnmol/1) were added to the Substrate Suspension with colipase (2.5 mg/1) and the pH adjusted to 9.0. After heating for 5 min at 30 °C the sample was added and the amount of NaOH (0.01 mol/1) necessary to keep the pH (9.0) constant 5, 10 and 15 min after the beginning of the reaction was determined. In the second method the liberated fatty acids were determined äs their Cu-salts according to the method of Vtrduin et al. (10) .
The same Substrate was used äs in the first method except for the addition of tris (33 mmol/1). After incubation for 30 min the reaction was stopped by the addition of the Cu-reagent. The absor? bance was read at 520 nm. Stearic äcid in Chloroform was used äs Standard in accordance with Verduin et al. (10) .
Samples were diluted with albumin (2 g/l) to an appropriate dilution and used immediately.
The activities are expressed in kU/1 at 30 °C for both methods.
Colipase ffom pig pancreas was obtained from Boehringer., Mannheim, F.R.G. Reagent blank rates and sample blank rates were determined under all experimental conditions, and -tne catalytic activities were cöfrected for these blank rates. The nonabsorbable marker, polyethylene glycol, did not disturb the reaction rates. 
Results and Discussion
a-Amylase Table l shows the effect of various dilution fluids on the α-amylase activity of duodenal fluid. For both methods the best dilution fluid was that recommended for the Phadebas amylase determination, which contains NaCl, albumin and CaC^. This dilu- The within-day and between-day variability is given in table 2. Both are satisfactory and comparable with data reported for serum (2, 3, 20) .
The relationship between both -amylase determinations is given in figureS. The Phadebas method always gives higher catalytic activities than the UV method. The coefficient of correlation of 0.98 is good and comparable with 0.94 given by Meier et al. The ratio between both methods is 7.83 ± 1.58 for 44 duodenal samples. This ratio is somewhat higher than that obtained for serum, which is 5. " to the incubation medium of the titrimetric method is necessary in order to achieve complete hydrolysis. During the titration 0.75 mmol/1 of Ca 2+ is always present. Table 2 gives withiii-däy and between-day variability for the determination of trypsin by each method. The titration method shows better precision than the immünoreactive method.
A comparison of both methods for trypsin determination is given in figure 6 . The correlation coefficient of 0.89 is good, especially when one takes into consideration the fact that the two methods are based on totally different principles. Our correlation coefficient is somewhat better than those reported by Lake-Bakaar et al. (21) for the comparison of the trypsin determination in duodenal juice by a spectrophotometric method and by the immünoreactive method. The effect of the addition of colipase in the lipase determination was investigated. By the titrimetric method the catalytic activity concentration in the absence of colipase was 275.8 kU/1 and in the presence of colipase 353.8 kU/I (n = 6, p < 0.05); this represents an increase in activity of about 30%. The same holds for the lipase determination carried out with the Cu-soap method; 324.5 kU/I in the absence of colipase, and 600.7 kU/1 in its presence (n = 6; p < 0.05). Therefore, all determinations were carried out in the presence of colipase.
. Table 4 shows the effect of various dilution fluids on the lipase activity of duodenal fluid; albumin seems to be the best dilution fluid so this dilution fluid was used for further experiments. Table 5 gives a survey of some factors, which are important för the determination of -amylase, trypsin and lipase in duodenal fluid. Generally, the precision of the methods is good. The number of determinations, which can be carried out in l h is rather different för each method. In this respect it is difficült to compare the different methods.
Conclusion
It is obvious that all 6 methods investigated can be used for measuring the very high catalytic activity concentrations which are present in duodenal fluid. It is not so easy to make a choice between the two methods in the three combinations tested.
As far äs the -amylase is concerned, it seems that both methods are quite comparable. Only the costs of the chemicals are different for the Phadebas and UV method and could be a factor in favour of the Phadebas method. On the other hand the UV method is ä continuous method, which is far preferable. The titrimetric method and the immunoreactive method foY the determination of trypsin are also comparable. Although the titrimetric method is quite simple, only the enzymatically active part of the total trypsin is determined. Recently O'Connor et al. (23) reported some problems associated with the radioimmurioassay of trypsin in serum, especially the presence of serum protease inhibitors like azmacroglobulin. As far äs we know, these inhibitors are not present in duodenal fluid.
ßecause the Cu-soap method is very laborious, we prefer the titration method for the determination of lipase. This method is relatively simple and cheap.
The conclusion seems justified that all the 6 methods tested are reliable for the determination of the catalytic activity concentrations of the enzymes mentioned in duodenal fluid, when the use of a turbidimetric or nephelometric method is not possible. 
